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Power Law Exponent in Coastal Area of Northeastern Jeju Island for
the Investigation of Wind Resource
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Abstract

Wind shear means the variation of wind speed according to the height. Wind shear is the important factor affecting
the energy production of wind turbines. Power Law is used to extrapolate wind speed data. Normally, a Power Law
exponent of 0.143 is used and this is referred to as the 1/7th Power Law. The Power Law exponent is affected by
atmospheric stability and surface roughness of the site. Thus, it is necessary to calculate the Power Law exponent
of the site exactly for an accurate estimation of wind energy. In this study, wind resources were measured at the
three Met-masts which were located in the coastal area of northeastern Jeju Island. The Power Law exponents of the
sites were calculated and proposed using measured data. They were 0.141 at Handong, 0.138 at Pyeongdae, and
0.1254 at Udo. We compared annual energy productions which are calculated using a Power Law exponent of 0.143,
the proposed value of the Power Law exponents for each site, and the measured data. As a result, the cases of
calculating using the proposed values were more similar to the cases using the measured data than the cases using
the 0.143 value. Finally, we found that the propsed values of the Power Law exponent are available to more
accurately estimate wind resources.
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Table 1. Location and measurement period of

Met-masts

Site Location Period
Handong N 33° 32.260’, 2011.01.01.
E 126° 50.090 ~2012.12.31.
Pyeongdae N 33° 31.550’/ 2010.02.06.
E 126° 50.520 ~2011.02.06.
Udo N 33° 31.130’/ 2010.05.01.
E 126° 57.240 ~2011.04.19.

Figure 2. Met-masts
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Table 2. Specifications of sensors installed in Met-masts
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Sensor Sensor range Accuracy
NRG #40 within 0.1 m/s
1 m/s to 96 m/s |for the range 5
Anemometer
m/s to 25 m/s
NRG #200P | 300 echanical, | Potentiometer
Wind Direction . . linearity within
continuous rotation
Vane 1%
NRG #1108 L L1eC
Temperature | -40 °C to 52.5 °C .
maximum
Sensor
NRG #BP20
Barometric 15 kPa to 115 kPa |+ 1.5 kPa max
Pressure Sensor

Table 3. Statistics of sensors

Handong | Pyeongdae| Udo
Mean wind speed at
6.643 6.563 7.771
30m [m/s]
Mean wind speed at
40m [m/s] 6.876 6.819 8.056
Mean wind speed at) ;1)) | gog3 | 8216
50m [m/s]
Mean wind speed at
60m [m/s] 7.319 7.221 8.386
Temperature
o 15.6 15.1 15.8
[C]
Pressure 1015 1007 1008
[mbar]
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Figure 3. The example of the LSM fitting
Table 4. Power Law exponents of each site
Handong | Pyeongdae Udo
Power Law | 1410 0.1380 0.1254
exponent
standard | 57, 0.3132 0.2133
deviation
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Figure 5. Hourly variation of the Power Law exponent
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Table 5. Annual energy production at Handong
Wind data
Site : Handon E 1 fi E 1 fi
g Measured at 60m xtrapc? ated from 30m xtrapf) ated from 30m
using a=0.143 using a=0.1410
Mean wind speed
7.319 7.335 7.325
[m/s]
Wind .
resource [/s] 7.2978 7.2474 7.2370
k 1.6153 1.5822 1.5829
AEP
4590.4 4656.6 4643.8
Wind energy [MWh/y]
yield CF
26.2 26.6 26.5
(%]
Table 6. Annual energy production at Pyeongdae
Wind data
Site : Pyeongdae
yeong Measured at 60m Extrapglated from 30m Extrap.olated from 30m
using a=0.143 using a=0.1380
Mean wind speed
7.221 7.247 7.222
[m/s]
Wind .
7.2171 7.1819 7.1597
resource [ms]
k 1.6052 1.5168 1.5111
AEP
4602.6 4631.4 4601.7
Wind energy [MWh/y]
yield CF
26.3 26.4 26.3
[%0]
Table 7. Annual energy production at Udo
Wind data
I I I
Site © Udo Case Case Case
Extrapolated from 30m | Extrapolated from 30m
Measured at 60m using a=0.143 using a=0.1254
Mean wind speed
8.386 8.581 8.477
[m/s]
Wind .
resource [m}s] 8.6254 8.7710 8.6365
k 1.7354 1.6452 1.6540
AEP
6196.2 6337.7 6198.6
Wind energy [MWh/y]
yield CF
354 36.2 354
(%]
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